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TITLE OF THE INVENTION 



Method of Manufacturing Semiconductor Device 



CROSS-REFERENCE TO RELATED APPLICATION 



This application is related to Japanese application No. 



5 2000-354213 filed on November 21, 2000, v^hose priority is 
claimed under 35 USC § 119, the disclosure of which is 
incorporated by reference in its entirety. 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

10 The present invention relates to a method of 

manufacturing a semiconductor device. In particular, it 
relates to a method of forming a concave portion in an 
interlayer insulating film comprised of two films: a silicon 
nitride film or a silicon nitride oxide film at the bottom and a 

15 silicon oxide film at the top. 

2. Description of Related Art 



elements of the semiconductor devices such as transistors are 
miniaturized. Further, it is getting common to use a layered 
20 substrate provided with plural interlayer insulating films and 

metal wiring layers inserted between interlayer insulating films 
as a semiconductor substrate for the semiconductor devices. 



opened on the metal wiring layer and reach to the 
25 semiconductor substrate through the interlayer insulating film 



As semiconductor devices are highly integrated, 



The layered substrate has contact holes which are 
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for electrical connection between the metal wiring layer on the 
interlayer insulating film and the semiconductor substrate. 

Further, in order to establish electric connection 
between upper and lower metal wiring layers, the layered 
5 substrate has via holes which are opened on the upper metal 
wiring layer and reach to the lower metal wiring layer through 
the interlayer insulating film. 

The contact holes and via holes are usually provided 
by forming openings in the interlayer insulating film made of 
10 silicon oxide by etching. 

For example, where the semiconductor devices have 
transistors formed on the semiconductor substrate and the 
transistors are designed in the order of 1/4 micron or smaller, 
the contact hole is formed to connect to both a source/drain 
15 region and a device isolation region of the transistor. 

In order to form such a contact hole by etching, 
attention must be paid so as not to etch the device isolation 
region made of silicon oxide film. For that purpose, a silicon 
nitride film of several hundred A thick is formed as an etch 
20 stopper under the interlayer insulating film. 

That is, the interlayer insulating film is formed of the 
silicon nitride film and the silicon oxide film stacked in layers. 

Accordingly, to form the contact hole, an opening is 
formed in both of the silicon oxide film and the silicon nitride 
25 film by etching. 
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Specifically, the silicon oxide film is first etched with 
an etching gas capable of etching the silicon oxide film at an 
etching rate higher than that for the silicon nitride film. This 
etching is stopped at the surface of the silicon nitride film 
5 which serves as the etch stopper. 

Then, the silicon nitride film is etched with an etching 
gas capable of etching the silicon nitride film at an etching rate 
higher than that for the silicon oxide film. Thus, the contact 
hole is formed. 

10 On the surface of the metal wiring layer, a silicon 

nitride oxide film is formed as an anti-reflection film used for 
forming a resist pattern for patterning the metal wiring layer 
by photolithography. 

Accordingly, the interlayer insulating film on the 

15 metal wiring layer is formed of the silicon nitride oxide film 
and the silicon oxide film stacked in layers. 

That is, in order to form the via hole, an opening is 
formed in both of the silicon oxide film and the silicon nitride 
oxide film by etching. 

20 Specifically, the silicon oxide film is first etched with 

an etching gas capable of etching the silicon oxide film at an 
etching rate higher than that for the silicon nitride oxide film, 
and then the silicon nitride oxide film is etched with an 
etching gas capable of etching the silicon nitride oxide film at 

25 an etching rate higher than that for the silicon oxide film. 
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Thus, the via hole is formed. 

In order to form the contact hole or via hole, it is 
necessary to etch the silicon oxide film formed on the silicon 
nitride film or silicon nitride oxide film with an etching gas 
5 showing higher selectivity to the silicon oxide film than to the 
silicon nitride film or the silicon nitride oxide film. In this 
case, generation of an excess of fluorine ions and fluoric 
radicals must be prevented, so that C4F8, C5F3 or the like 
having high C/F atomic ratio is used as the etching gas. 

10 Where the silicon oxide film is etched using such an 

etching gas, however, a reaction product such as fluorocarbon 
is generated and deposited at the bottom of the hole when the 
silicon nitride film or silicon nitride oxide film is exposed. 

In the case of forming the contact hole through the 

15 silicon nitride film or the silicon nitride oxide film by etching, 
an etching gas showing higher selectivity to the silicon nitride 
film or the silicon nitride oxide film than to the underlying 
silicon substrate or silicon oxide film of the device isolation 
region is used. Further, in the case of forming the via hole in 

20 the same manner, an etching gas showing higher selectivity 
than to the underlying metal wiring layer is used. 

However, also in the case of etching the silicon nitride 
film or the silicon nitride oxide film with such an etching gas, 
a reaction product such as fluorocarbon is deposited at the 

25 bottom of the resulting hole. 
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If a metal plug of W or Cu is formed in the thus 
formed contact hole or via hole in which the fluorocarbon 
reaction product remains, contact resistance or via resistance 
increases, which results in reduction of LSI wiring reliability 
5 and yield of the devices. 

To deal with such a problem, commonly known is a 
method of forming the metal plug after removing the 
fluorocarbon reaction product from the bottom of the resulting 
contact hole or via hole using an exfoliative washing solution. 

10 Further, also known is a method comprising a 

pretreatment of removing the reaction product from the bottom 
of the hole using plasma containing argon, hydrogen and 
oxygen performed before sputtering a barrier metal in the 
process of forming the metal plug (see Japanese Unexamined 

15 Patent Publication No. HEI 10 ( 1998)-256232) . 

If the reaction product is removed with the washing 
solution, however, it will be difficult to wash away the washing 
solution as the aspect ratio of the contact hole or via hole 
increases. Accordingly, the metal plug may possibly be 

20 formed in the hole in which the washing solution remains. 

Where the metal plug is formed in the hole in which 
the washing solution remains, the washing solution is 
thermally reacted with the underlying silicon or metal wiring 
material with the help of heat generated by the formation of a 

25 tungsten film as the metal plug, and converted to a 
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non-conductive film. 

Further, in the case where the reaction product is 
removed by the pretreatment using the plasma, the wafer is 
taken out of an etching system used for forming the contact 
5 hole or via hole, exposed to atmospheric air, and then 

introduced to a system for the pretreatment before the barrier 
metal sputtering. 

When the wafer is exposed to the atmospheric air, the 
reaction product deposited at the bottom of the hole is reacted 

10 with moisture in the atmosphere and converted into a film 

which is difficult to remove. Accordingly, complete removal of 
the reaction product would be difficult. 
SUMMARY OF THE INVENTION 

In view of the problems described above, the present 

15 invention has been achieved to provide a method of 

manufacturing a semiconductor device capable of forming a 
concave portion by etching, while completely and efficiently 
removing the reaction product deposited at the bottom of the 
concave portion. 

20 The present invention provides a method of 

manufacturing a semiconductor device comprising: a first step 
of depositing a first film and a second film on a conductive 
layer in this order and etching a desired portion of the second 
film with a first etching gas until the first film is exposed, the 

25 first film being made of one of a silicon nitride film and a 
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silicon nitride oxide film, the second film being made of a 
silicon oxide film; a second step of removing a reaction product 
deposited on the first film through the first step with a second 
etching gas to expose the first film; a third step of etching the 
5 first film exposed through the second step with a third etching 
gas until the conductive layer is exposed; and a fourth step of 
removing a reaction product deposited on the conductive layer 
through the third step with a fourth etching gas, thereby 
forming a concave portion penetrating the first and second 

10 films to reach the conductive layer surface. 

In other words, the present invention provides a 
method of manufacturing a semiconductor device, wherein a 
step of removing a reaction product is carried out in the course 
of a series of etching steps for forming a concave portion in an 

15 interlayer insulating film comprised of two films: a silicon 

nitride film and a sihcon oxide film; or a silicon nitride oxide 
film and a silicon oxide film, thereby completely removing the 
reaction product deposited at the bottom of the concave 
portion. 

20 These and other objects of the present application will 

become more readily apparent from the detailed description 
given hereinafter. However, it should be understood that the 
detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of 

25 illustration only, since various changes and modifications 
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within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figs. 1(a) to 1(d) are views illustrating the steps of 

forming a contact hole according to Embodiment 1; 

Figs. 2(e) to 2(g) are views illustrating the steps of 
forming the contact hole according to Embodiment 1; 

Figs. 3(a) to 3(d) are views illustrating the steps of 
10 forming a via hole according to Embodiment 2; 

Figs. 4(e) to 4(g) are views illustrating the steps of 
forming the via hole according to Embodiment 2; 

Figs. 5(h) and 5{i) are views illustrating the steps of 
forming the via hole according to Embodiment 2; 
15 Fig. 6 is a graph illustrating resistance of the via hole 

formed under the conditions of Embodiment 2; 

Fig. 7 is a graph illustrating resistance of the via hole 
formed under the conditions of Embodiment 2; and 

Fig. 8 is a graph illustrating resistance of a via hole 
20 formed under the conditions of Comparative Embodiment. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to the method of the present invention, the 
term "conductive layer" means a silicon substrate which is 
doped with impurities, a conductive substrate, a conductive 
25 film or the like. 
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According to the method of the present invention, the 
sihcon nitride film or the sihcon nitride oxide film may be 
formed by, for example, low pressure CVD. The resulting 
silicon nitride film or silicon nitride oxide film may have a 
5 thickness of about 50-100 nm. 

Still according to the method of the present invention, 
the silicon oxide film may be formed by, for example, 
atmospheric pressure CVD. The resulting silicon oxide film 
may have a thickness of about 500-1200 nm. 
10 In the method of the present invention, it is preferred 

to successively carry out the first, second, third and fourth 
steps in a single apparatus maintaining a vacuum state therein. 
This prevents the reaction product deposited at the bottom of 
the concave portion from reacting with moisture in an 
15 atmospheric air to convert into a film which is difficult to 

remove, which allows efficient removal of the reaction product. 

According to the method of the present invention, the 
first etching gas may contain at least one of CHF3, C4F8 and 
C5F8. 

20 Further, the third etching gas may contain at least 

one of CHF3 and CH2F2. 

Moreover, the second and fourth etching gases may 

contain O2 and the etching in the second and fourth steps may 

be carried out under plasma conditions. 
25 That is, in the present invention, an etching gas 
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containing at least O2 is used to remove the reaction product 
deposited at the bottom of the concave portion. 

According to the present invention, the conductive 
layer may be a silicon substrate and the concave portion may 
be a contact hole. 

Further, various components of a semiconductor 
device such as electrodes may be formed on the silicon 
substrate. 

According to the present invention, the conductive 
layer may be a layered substrate on which an electrode is 
layered and the concave portion may be a via hole. 

The layered substrate may include a plurality of 
interlayer insulating films provided on the silicon substrate 
and the electrode layer inserted between adjacent interlayer 
insulating films. 

According to the method of the present invention, the 
step of etching the silicon oxide film is followed by the step of 
removing the reaction product, and then the step of etching th 
silicon nitride film or the silicon nitride oxide film is followed 
by the step of removing the reaction product. Therefore, the 
reaction product can be removed before they are completely 
converted into a material which is difficult to remove. 

Further, since the etching gas is used for removing th 
reaction product, an exfoliative washing solution used for the 
conventional removal will not remain at the bottom of the 
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concave portion. 

Therefore, the method of manufacturing the 
semiconductor device according to the present invention is 
particularly effective for manufacturing the contact hole or via 
5 hole, wherein the complete removal of the reaction product is 
required. 

It goes without saying that the method of the present 
invention is also applicable to the formation of other concave 
portions than the contact hole or via hole. 
10 Embodiments 

Hereinafter, the present invention will be detailed with 
reference to the figures shown below, but the invention is not 
limited thereto. 
Embodiment 1 

15 A method of forming the contact hole according to 

Embodiment 1 will be described with reference to Figs. 1 and 2. 
Figs. 1 and 2 are views illustrating the steps of forming the 
contact hole according to Embodiment 1. 

In this Embodiment, the method of forming the 

20 contact hole includes a first step of depositing a silicon nitride 
film (a first film) 104 and a silicon oxide film (a second film) 
105 in this order on a silicon substrate (a conductive layer) 
101 and etching a desired portion of the silicon oxide film 105 
with a first etching gas until the silicon nitride film 104 is 

25 exposed (Fig, 1(d)); a second step of removing a reaction 
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product 108 deposited on the silicon nitride film 104 through 
the first step with a second etching gas to expose the silicon 
nitride film 104 (Fig. 2(e)); a third step of etching the silicon 
nitride film 104 exposed through the second step with a third 
5 etching gas until the silicon substrate 101 is exposed (Fig. 
2(f)); and a fourth step of removing a reaction product 109 
deposited on the silicon substrate 101 through the third step 
with a fourth etching gas (Fig. 2(g)). Thereby, a contact hole 
1 10 reaching to the surface of the silicon substrate 101 is 

10 formed (Fig. 2(g)). 

Specifically, as shown in Fig. 1(a), a silicon nitride 
(Si3N4) film 104 of about 50 nm thick is formed by low pressure 
CVD (Chemical Vapor Deposition) on a P-type silicon substrate 
101 including a device isolation region 102 formed of a Si02 

15 field insulating film and a diffusion layer 103. 

Then, as shown in Fig. 1(b), a silicon oxide (Si02) film 

105 of about 1200 nm thick is formed on the silicon nitride 
film 104 by atmospheric pressure CVD. The thus formed 
silicon oxide film 105 is polished down by a thickness of about 

20 500 nm by CMP (Chemical Mechanical Polishing) for flattening. 

Then, as shown in Fig. 1(c), a silicon nitride oxide film 

106 of about 60 nm thick is formed on the silicon oxide film 
105 by low pressure CVD and a resist pattern 107 is formed on 
the silicon nitride oxide film 106 by photolithography. In 

25 Embodiment 1, the silicon nitride film 104, the silicon oxide 
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film 105 and the silicon nitride oxide film 106 constitute an 
interlayer insulating film. 

The silicon nitride oxide film 106 also functions as an 
anti-reflection film for forming the resist pattern 107. 
5 Then, with the resist pattern 107 as a mask, the 

silicon nitride oxide film 106 and the silicon oxide film 105 are 
etched at an etching rate higher than that for the silicon 
nitride film 104 as shown in Fig. 1(d) in a RIE (Reactive Ion 
Etching) system. 

10 The silicon nitride oxide film 106 and the silicon oxide 

film 105 are etched under the mixture gas plasma conditions, 
wherein pressure is about 5-10 mTorr, RF power to be applied 
to an upper electrode (source power) is about 1200-1600 W, RF 
power to be applied to a lower electrode (bias power) is about 

15 1200-1600 W, and flow rate of the first etching gas is 
C4F8:C2F6:CO:Ar = 3-5:8-12:17-23:90-100 seem. 

During this etching, a reaction product 108 of 
fluorocarbon is deposited on the silicon nitride film 104. 

Then, as shown in Fig, 2(e), the fluorocarbon reaction 

20 product 108 deposited on the silicon nitride film 104 (Fig. 1(d)) 
is selectively etched. 

The reaction product 108 is etched away under the 
plasma conditions, wherein, pressure is about 15-25 mTorr, RF 
power to be applied to an upper electrode is about 2300-2700 

25 W, RF power to be applied to a lower electrode is 0 W, and flow 
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rate of the second etching gas is O2 = 150 seem. 

Then, as shown in Fig. 2(f), the sihcon nitride film 104 
is etched at an etching rate higher than that for the device 
isolation region 102 and the diffusion layer 103. 
5 Specifically, the silicon nitride film 104 is etched 

under the mixture gas plasma conditions, wherein pressure is 
about 15-25 mTorr, RF power to be applied to an upper 
electrode is about 1800-2200 W, RF power to be applied to a 
lower electrode is about 100-200 W, and flow rate of the third 
10 etching gas is CH2F2:02:Ar = 15-20:40-60:70-90 seem. 

During this etching, a reaction product 109 of 
fluorocarbon is deposited on the device isolation region 102 
and the diffusion layer 103. 

Then, as shown in Fig. 2(g), the fluorocarbon reaction 
15 product 109 deposited on the device isolation region 102 and 
the diffusion layer 103 (Fig. 2(f)) is selectively etched as shown 
in Fig. 2(g). 

Specifically, the reaction product 109 is etched away 
under the plasma conditions, wherein pressure is about 15-25 

20 mTorr, RF power to be applied to an upper electrode is about 
2300-2700 W, RF power to be applied to a lower electrode is 0 
W, and flow rate of the fourth etching gas is O2 =150 seem. 
Thereafter, the resist pattern 107 (Fig. 2(f)) is removed to 
complete the contact hole 110. 

25 As described above, the fluorocarbon reaction product 
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108 is deposited during etching of the sihcon nitride oxide film 
106 and the sihcon oxide film 105, and the fluorocarbon 
reaction product 109 is deposited during etching of the silicon 
nitride film 104. However, after the etching of the silicon 

5 nitride oxide film 106 and the silicon oxide film 105, and after 
the etching of the silicon nitride film 104, etching is carried 
out to remove the reactive products 108 and 109, respectively. 
As a result, it is confirmed that the reaction products 108 and 

109 are readily removed. 
10 Embodiment 2 



Embodiment 2 will be described with reference to Figs. 3 to 5. 
Figs. 3 to 5 are views illustrating the steps of forming the via 
hole according to Embodiment 2. 



via hole according to Embodiment 2 includes a first step of 
depositing a silicon nitride oxide film (a first film) 204 and a 
silicon oxide film (a second film) 206 in this order on a metal 
wiring layer (a conductive layer) 203 formed on a silicon 

20 substrate 201 and etching a desired portion of the silicon oxide 
film 206 with a first etching gas until the silicon nitride oxide 
film 204 is exposed (Fig. 4(f)); a second step of removing a 
reaction product 208 deposited on the silicon nitride oxide film 
204 through the first step with a second etching gas to expose 

25 the silicon nitride oxide film 204 (Fig. 4(g)); a third step of 



A method of forming a via hole according to 
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As shown in Figs. 3 to 5, the method of forming the 
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etching the siUcon nitride oxide film 204 exposed through the 
second step with a third etching gas until the metal wiring 
layer 203 is exposed (Fig. 5(h)); and a fourth step of removing a 
reaction product 209 deposited on the metal wiring layer 203 
5 through the third step with a fourth etching gas. Thereby, a 
via hole 210 reaching to the surface of the metal wiring layer 

203 is formed. 

Specifically, as shown in Fig. 3(a), a titanium nitride 
(TiN) film, a titanium (Ti) film, an aluminum-copper (Al-Cu) 
10 alloy film, a titanium film and a titanium nitride film are 

deposited in this order on a silicon oxide film 202 to form a 
metal wiring layer 203. 

Then, as shown in Fig. 3(b), a silicon nitride oxide film 

204 of about 60 nm thick is formed on the metal wiring layer 
15 203 and a resist pattern 205 is formed on the silicon nitride 

oxide film 204 by photolithography. 

The silicon nitride oxide film 204 also functions as an 
anti-reflection film for forming the resist pattern 205. 

Then, with the resist pattern 205 (Fig. 3(b)) as a mask, 
20 the silicon nitride oxide film 204 and the metal wiring layer 
203 are etched as shown in Fig. 3(c) in a RIE system (not 
shown). Thereafter, the resist pattern 205 is removed. 

Then, a silicon oxide (Si02) film 206 of about 1200 nm 
thick is formed by plasma enhanced CVD as an interlayer 
25 insulating film covering the silicon oxide film 202 and the 
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silicon nitride oxide film 204. The thus formed silicon oxide 
film 206 is polished down by a thickness of about 500 nm by 
CMP for flattening as shown in Fig. 3(d). 

Then, as shown in Fig. 4(e), a resist pattern 207 is 
5 formed on the silicon oxide film 206 by photolithography. 

Then, with the resist pattern 207 as a mask, the 
silicon oxide film 206 is etched at an etching rate higher than 
that for the silicon nitride oxide film 204 as shown in Fig. 4(f) 
in a RIE system. 

10 Specifically, the silicon oxide film 206 is etched under 

the mixture gas plasma conditions, wherein pressure is about 
3-7 mTorr, RF power to be applied to an upper electrode 
(source power) is about 1400-1800 W, RF power to be applied 
to a lower electrode (bias power) is about 1200-1600 W, and 

15 flow rate of the first etching gas is C4F8:C2F6:CO:Ar = 
3-7:8-12:8-12:90-100 seem. 

During the etching, a reaction product 208 of 
fluorocarbon is deposited on the silicon nitride oxide film 204. 

Then, as shown in Fig. 4(g), the fluorocarbon reaction 

20 product 208 deposited on the silicon nitride oxide film 204 (Fig. 
4(f)) is selectively etched. 

Specifically, the reaction product 208 is etched away 
under the plasma conditions, wherein pressure is about 15-25 
mTorr, RF power to be applied to an upper electrode is about 

25 2300-2700 W, RF power to be applied to a lower electrode is 0 
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W, and flow rate of the second etching gas is O2 = 150 seem. 

Then, as shown in Fig. 5(h), the silicon nitride oxide 
film 204 (Fig. 4(g)) is etched at an etching rate higher than that 
for the titanium nitride film at the top of the metal wiring layer 
5 203. 

Specifically, the silicon nitride oxide film 204 is 
etched under the mixture gas plasma conditions, wherein 
pressure is about 15-25 mTorr, RF power to be applied to an 
upper electrode is about 1800-2200 W, RF power to be applied 
10 to a lower electrode is about 100-200 W, and flow rate of the 
third etching gas is CH2F2:02:Ar = 15-20:40-60:70-90 seem. 

During the etching, a reaction product 209 of 
fluorocarbon is deposited on the metal wiring layer 203. 

Then, as shown in Fig. 5(i), the fluorocarbon reaction 
15 product 209 deposited on the metal wiring layer 203 (Fig. 5(h)) 
is selectively etched. 

Specifically, the reaction product 209 is etched away 
under the plasma conditions, wherein pressure is about 15-25 
mTorr, RF power to be applied to an upper electrode is about 
20 2300-2700 W, RF power to be applied to a lower electrode is 0 
W, and flow rate of the fourth etching gas is O2 = 150 seem. 
Thereafter, the resist pattern 207 (Fig. 5(h)) is removed to 
complete the via hole 210. 

As described above, the fluorocarbon reaction product 
25 208 is deposited during etching of the silicon oxide film 206, 
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and the fluorocarbon reaction product 209 is deposited during 
etching of the siUcon nitride oxide film 204. However, after 
the etching of the silicon oxide film 206, and after the etching 
of the silicon nitride oxide film 204, etching is carried out to 
5 remove the reactive products 208 and 209, respectively. As a 
result, it is confirmed that the reaction products 208 and 209 
are readily removed. 

Next, according to the method of forming the via hole 
of Embodiment 2, 1000 via holes having a diameter of about 
10 0.26 M m, respectively, are formed and resistance thereof is 

measured. The conditions for forming them are described in 
Table 1 below^. Measurement results are shown in Fig. 6. 



Table 1 



Etching steps 


Step 


To be etched 


Etching conditions 


for forming via 
holes (1) 


(1) 


SiON/P-TEOS 
film 


Pressure = SmTorr, 
Source power = 1900 W, 
Bias power = 1400 W, 
C4F8/C2F6/CO/Ar = 
4/10/5/95 seem, 30sec 




(2) 


FSG film 


Pressure ^ SmTorr, 
Source power = 1600 W, 
Bias power = 1400 W, 
C4F8/C2F6/CO/Ar = 
4/ 10/10/95 seem, 
60sec 


O2 plasma 
treatment (1) 




Reaction 
product 


Pressure = 600mTorr, 

Power = 1200 W, 

O2 = 500 seem, 60 sec 



o 
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Etching step 
for forming via 
holes (2) 


(1) 


SiON film 


Pressure = 20mTorr, 
Source power = 2000 W, 
Bias power = 200 W, 
CH2F2/02/Ar = 
20/50/80 seem, 15sec 


O2 plasma 
treatment (2) 




Reaction 
product 


Pressure = 600mTorr, 

Power = 1200 W, 

O2 = 500 seem, 60 sec 



According to the conditions shown in Table 1, the O2 
plasma treatments (1) and (2) are carried out in a system 
different from that used for the etching steps (1) and (2). 
5 That is, the wafer is exposed to atmospheric air during 

transition from the etching step (1) to the O2 plasma treatment 

(1) , and from the etching step (2) to the O2 plasma treatment 

(2) . 

However, the etching steps (1) and (2) are followed by 
10 the O2 plasma treatments (1) and (2), respectively. 

Accordingly, the thus formed 1000 via holes show the 
resistance within a relatively small range from about 6 to 12 Q. 
In other words, variation of the resistance is relatively 
inhibited. 

15 Then, in the same manner as the above, another 1000 

via holes having a diameter of about 0.26 m m, respectively, are 
formed according to the method of Embodiment 2 except the 
conditions for forming them are different from those shown in 
Table 1. The resistance thereof is measured. The conditions 
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for forming them are detailed in Table 2 below and 
measurement results are shown in Fig. 7. 



Table 2 



Etching steps 


Step 


To be etched 


Etching conditions 


for forming 
via holes 


(1) 


SiON/P-TEOS 
film 


Pressure = SmTorr, 
Source power = 1900 W, 
Bias power = 1400 W, 
C4F8/C2F6/CO/Ar = 
4/10/5/95 seem, 30sec 




(2) 


FSG film 


Pressure = 5mTorr, 
Source power = 1600 W, 
Bias power = 1400 W, 
C4F8/C2F6/CO/Ar = 
4/10/10/95 seem, 
60sec 




(3) 


Reaction 
product 


Pressure = 20mTorr, 
Source power = 2500 W, 
Bias power = 0 W, 
O2 = 150 seem, 10 sec 




(4) 


SiON film 


Pressure = 20mTorr, 
Source power = 2000 W, 
Bias power = 200 W, 
CH2F2/02/Ar = 
20/50/80 seem, 15sec 




(5) 


Reaction 
product 


Pressure = 20mTorr, 
Source power = 2500 W, 
Bias power = 0 W, 
O2 = 150 seem, 10 sec 



5 According to the conditions shown in Table 2, the 

etching steps (1) to (5) are carried out in a single apparatus 
maintaining a vacuum state therein. 

That is, the steps (3) and (5) for removing the reaction 
product are carried out in a series of the etching steps, so that 
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the wafer will not be exposed to the atmospheric air during the 
formation of the via holes. The thus formed 1000 via holes 
show the resistance within a range from about 5 to 9 Q. That 
is, the variation of the resistance is more inhibited as 
5 compared with the results obtained from the via holes formed 
under the conditions shown in Table 1, 
Comparative Embodiment 

As a comparison with the via holes formed under the 
conditions shown in Tables 1 and 2, respectively, 1000 via 
10 holes having a diameter of about 0.26 jj. m, respectively, are 
formed again by a conventional method and the resistance 
thereof is measured. The conditions for forming them are 
detailed in Table 3 below and measurement results are shown 
in Fig. 8, 
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Table 3 



Etching steps 


Step 


To be etched 


Etching conditions 


for forming via 
holes 


(1) 


SiON/P-TEOS 
film 


Pressure = SmTorr, 
Source power = 1900 W, 
Bias power - 1400 W, 
C4F8/C2F6/CO/Ar = 
^ 1 X \j 1 Zj 1 1^ kj seem J o L/ sec 




(2) 


FSG film 


Pressure = SmTorr, 
Source power = 1600 W, 
Bias power = 1400 W, 
C4F8/C2F6/CO/Ar = 
4/10/10/95 seem, 
60sec 




(3) 


SiON film 


Pressure = 20mTorr, 
Source power = 2000 W, 
Bias power = 200 W, 
CH2F2/02/Ar = 
20/50/80 seem, 15sec 


O2 plasma 
treatment 




Reaction 
product 


Pressure = 600mTorr, 

Power = 1200 W, 

O2 = 500 seem, 60 sec 



According to the conditions of Comparative 
Embodiment shown in Table 3, the etching steps (1) to (3) are 
5 carried out and then the O2 plasma treatment for removing the 
reaction product is carried out in a different system. 

That is, the wafer is exposed to the atmospheric air 
during transition from the via hole etching steps to the O2 
plasma treatment. Accordingly, the reaction product 
10 deposited in the via hole is reacted with moisture in the 

atmospheric air and converted into a film which is difficult to 
remove. As a result, the reaction product is not completely 
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removed. 

The thus formed 1000 via holes show the resistance 
distributed in a large range from about 7 to 19 Q. The 
variation of the resistance is greater as compared with the via 
5 holes formed under the conditions shown in Tables 1 and 2, 
respectively. 

According to the present invention, a step of etching 
the silicon oxide film and a step of etching the silicon nitride 
film or the silicon nitride oxide film are followed by a step of 
10 removing the reactive product, respectively. Therefore, the 
reaction product deposited at the bottom of the concave 
portion is completely removed with high efficiency. 



2 4 



